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FOREWORD

Predictions are that present day propellants and explosives will not meet the
demands of the future. To meet this proposed threat, there is a continuing effort at the
Naval Weapons Center to synthesize new energetic materials that exceed 1,3,5-
trinitro-1,3,5-triazacyclohexane (RDX) and 1,3,5,7-tetranitro-1,3,5,7-tetraaza-
cyclooctane (HMX) in performance and insensitivity. As a contribution to this program,
the synthesis of a promising candidate, 1,4-dinitro-[3,4-b]-[5,6-e]difurazano-
piperazine, was undertaken. This report describes the various synthetic routes
attempted which led to precursors of the desired target compound.
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William S. Wilson.
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INTRODUCTION

Predictions are that present day explosives and propellants will fail to meet
future battlefield demands. As both aerial and ground targets beconic mnre difficult to
defeat, a new generation of energe.ic materials will be needed. These new compcuynds
will have to exceed 1,3,5-trinitro-1,3,5-triazacyclohexane (RDX) and 1,3,5,7-
tetranitro-1,3,5,7-tetraazacyciooctane (HMX) in performance while still ramaining
insensitive. Energetic materials which are hazardous to handle and sensitive lo external
stimuli will be of little value in the dangerous battlefield environment. Because large
quantities of explosives and propellants are stored and handled in the close confines of a
ship, the proslem of sensitivity is especially important to the Navy. In an effort to meet
these requirements, we chose to investigate the synthesis of 1,4-dinitro-[3,4-bj}-
[3.4-e]-difurazanopiperazine (1) with the predicted prcperties as compared to RDX
and HMX (Reference 1).

NO2 NOZ N02

{ | [
N l
=\ ‘/\ ozu—rIq_ N-—NO;
\N/

N N
OzN/ e NO;

I
NO,

1 RDX

1

Density (g/cc)

Detonation velocity (km/s) 9.7
Detonation pressure (Kbar)

Isp (s)
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RESULTS AND DISCILISSION

We initidlly envisioned the construction of this linearly fused tricycle (1) to
start with the reaction of 3.,4-diaminofurazan (2) and cyanogen oxide (3)
(Retarence 2) to give 1he dioximinofurazanopiperazine (4). Ring closure
(Reference 3) ulilizing sodium hydroxide in ethylene glycol at 150°C was expected 10

SCHEME 1

)
N\
QO + -,/'F 0
/
N IN/ [

| \
HOAOH N

H,N HON

“:402‘-

yleld 5 (Scheme 1). Nitration of amine § would give 1. The condensation reaction of 2
and J failed, presumably due 1o the poor nucleophilic sharacter of the electron-deficient
amine nitrogens of 2 (Refarence 4). An attempt to generate the dilithio anion of 2 by
lreatment with either n-butyl lithium or tert-butyl lithium followed by treatment with
Cyanogen oxide also falled o produce any of the desired condensation product 4.

The strong eleciron withdrawing nature of the furazan molety greatly reduces the
reactivity of the amine nitrogens. We believed that If an electron-donating alkyl group,
such as isopropyl or cyclohexyl were attached, the nucleophilicity of these nitrogens
would ba incroased. To this end (Scheme 2), we treated the appropriate amines (6a and
b) (Reterences 2 and 3), with dichloroglyoxime (7) in refluxing tetrahydrofuran
(THF) giving the corresnonding substituted diaminoglyoximes (8a and b) in near
quantilative yiekis. Riry closure of 8a or b would give the activaled diamino-furazans
9a and b. Compounds of type 8 would be transformed into 1 following a similar series
of reactions as outlingd in Scheme 1. Unfortunately, the desired dehydrative ring
closure of 8 did not occur. Dioximes Ba and b failed 1o close to furazans 9 using a
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SCHEME 2
HON NOH HON NOH
4 eq R-NH, }—‘( __>r;'l"ui H
6a R = isopropy! + Cl (o] R— f;l l‘il—R
6b R = cyclohexyl H H
7 8a, b
Ring
closure
R R
I H \\':
N - N
HON Y N 3 SN
1 Rt /O - - - - /O
.
HON N/\\-N He N N
|
: .
14a, b 9a, b

variety of dehydrative conditions, i.e., NaOH at 150°C, dicyclohexylcarbodiimide, or
P20s. Attempts to convert 8 to furoxans (10) using potassium ferricyanide (Refer-
ence 3) also proved fruitless.

? 0]
H—n_ Y
8 b s KsFe(CN)g = \
a, 7 NaOH ~ /O
|
R
10

Literature reports claim successful furazan and furoxan formation of this type
only when the amine nitrogens of diaminoglyoximes were fully substituted
(Reterence 3). No explanalion was given for these results. To circumvent this
problem, we attached benzyl groups to the amine nitrogens, which, after ring closure,
could be removed by hydrogenolysis (Reference 5) (Scheme 3). Dichloroglyoxime (7)



NWC TP 6984

SCHEME 3

|i| HON NOH

—~N—R +
R ¢’ c

4eq CeH
11a R = isopropy!

11b R = cyclohexyl 12a R = iPr

12b R = cyclohexyl

Ring
closure

— \
il
calalyst

/
S
R—N N

o

13

was treated with the substituted amines (11a and b) in refluxing THF to yield the fully
substituted diaminoglyoximes (12a and b). Ring ciosure to 13, employing the methods
described abcve, again failed. The probable reason for this lack of reaclivity is severe
steric congestion hindering rotation about the bond between the two oxime functionali-
ties. Before furazan or furoxan formation can occur, ihe oximes must achieve

HO N-OH

coplanarity. '3C and 'H NMR show a much more complicated set of signals than antici-

pated. In 12a the isopropyl methyls appear as a doublet of doublets and the benzyl

methylenes as an AB quartel (see Experimental Section). Figure 1 shows the benzyl

methylenes 'H signal at various temperatures. Even at 140°C, the signal is quite broad.

It there were the necessary rotations about ail bonds, ali four benzy! protons would

appear as a sharp singlet. The NMR data indicated that this molecule adopts a rigid
6
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conformation which precludes rotation about the central ¢ bond rendering it inert to
furazan or furoxan formation.

130°C ~—n
120°C e ™

100°C
/\ \\\ /\ \bk__\“____‘
75°C -

N~ ' S N
25°C - —————
Ty Y ] T T Ty T T

46 45 44 43 42 41 40 39
PPM

FIGURE 1. Variable Temperature Study of Benzyl Protons of Compound 12a.

Using a shorter, although inefficient method, we were able to form 9a.
Diaminofurazan (2), upon treatment with a mixture of acetone and sodium borohydride

7
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in acetic acid (Reference 6) yielded modest amounts of N,N'-diisopropyl-3,4-
diaminofurazan (9a).

N N T

= \O (0] HN /N\
=~/ A o
H N e =
Acetic Acd
2 9a

Similar reaction with cyclohexanone gave 9b but only in very low yield after extensive
purification. Much to our dismay, however, direct reacticn of 9a and cyanogen oxides
failed to give any trace of 14a. Addition of sodium bicarbonate, svditm carbonate, of
sodium hydroxide did not induce reaction. The addition of an electron-donating aikyl
group did not sufficiently activate the amine nitrogens.

A new synthetic method was examined (Scheme 4). The a-diketofurazano-
piperazine (15) is available from the condensation of oxalic acid and 2 (Reference 7).

SCHEME 4
H
\
0 N .
=\ -Nt‘??ﬁ.!."gL 4 ---» - 1
- /O Base
0 N N
!
H
15

Treatment of 15 with hydroxylamine was expected to give the dioxime 4 which wouid
then be converted to 1. Unfcrtunately, even under very forcing conditions, a large
excess of hydroxylamine hydrochloride, base, prolonged reaction times, and elevated
temperatures, no evidence of desired oxime formation was seen.

Gasco and coworkers report that 15 exists as a pair of tautomers in equilibrium
(Reference 7). Under the conditions used for oxime formation, it may be

HO N
15 ——— )
/
HO= X N
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that the equilibrium shifted exclusively to the right rendering the molecule inert. If
this tautomerization could be blocked by affixing an appropriate group to the piperazine
nitrogens, we believed it could then be possible to form the desired oxime as outlined in
Scheme 5. Amides are known to N-alkylate (Refarence 8) it treated first with a sodium

SCHEME S

R Tautomerization
16 not possible

base followed by an alkylating agent. Alkylation of 15 was altempted by generation of
the disodium salt and subsequent addition of isopropyl bromide. We chose the isopropyl

N N . ‘.
(1) Na Base / s =\ NO2 1
15 SR = 16 -ccm coom o\ o e
@ >—br R = isopropy! NF N =N
17

group because if 16 could be converted to 17, the isopropyl appendages could then
possibly be nitrolyzed off (Reference 9) to give 1. The bases tried were sodium amide,
sodium bicarbonate, and sodium hydroxide. Upon acidic workup, only unreacted 15 was
recovered.

We next attempted to silylate 15 using trimethylsilyl chloride and imidazole or
triethyiamine. if silyl enol ether (18) were treated with fluoride, N-alkylation may

N
T™SCI TMSO z /N\ NE
15 ..53¢ - {0
Base . =~ /O ~(-:25 ;\Tl:y;a-l: 16
TMSO N

18

have been possible. No silyation was observed. In every attempt, only unreacted starting
material was recovered.

9




NWC TP 6984

We turned our attention to a new approach to 16 (Scheme 6). Diaminoturazan
(2), upon treatment with benzaldehyde or p-anisaldehyde in refluxing benzene

SCHEME 6

r_,R
H,N N _Q
N N - OMe
T~ Y - oF
CHO
/ / THF _
N SN @ =N MeOH 9dR-
2 MeO
2 H*, Benzene R
80°C

16¢

containing a catalytic amount of p-toluene sulfonic acid (Reference 10), gave the
unstable imine (19), which was reduced (Reference 10) in situ with sodium
borohydride to 9¢ and d. Using high dilution/slow addition techniques, 9¢ was
condensed with oxalyl chloride (Reterence 12) to yield the desired disubstituted
diamide (16¢). The benzyl group was chosen because it was seen as being more
versatile than the isopropyl iunctionality. Whereas the isopropy! group was viewed as a
nitrolyzabie entity, a benzyl group was thought 10 be not only nitrolyzable but also
removeable by catalytic hydrogenation (functioning as a protecting group) eventually
yielding the free amine §. With no tautomerization possible, 16 was treated with
hydroxylamine. No oxime formed. Again, using the forcing conditions discussed above,
only unreacled starling material was isolated. Comparable reactions with 9a and 9d
were not attempted.

After this disappointing result, a longer synthetic route was investigated
(Scheme 7).

10
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SCHEME 7
NO i Q.O\N )
H ! P
N NG HONO " e N N
\o —_— 0 AM \O
77 HO VAL /
N N N N N
H ! \
NO L NO
20 21 22
# -~ ONO
N
o L
HON N N HON N N
\ Repeat 0
1 - - - - oo /o L L /
N N i
HON ':J )
NO NO
24 23

This strategy employs generation of an anion (22) « to a stablizing nitrosamming
(Reference 13). The anion would then be treated with iscamy! nitrite 10 formn the ¢ xime
23. Protection of the oxime followed by a repaat of the base ang lsoamyl nitrile treal
ment was predicted to give thy 1,2-dloxime (24), King closure ol 24 and nilrolysis of
oxidation of the nitroso groups would yield nitramine (1).

Furazanopiperazine (20) (Raference 2b and c) when trealed with an uxcoees |
nitrous acid gave dinitrosopiperazine 21. Wo were confident that genyralion of 1 -
anion a to the nitrosamine functionality of 22 was accomplished using a variely ¢
bases, l.e., lithium diisopropy! amide, lithium hexamelhy!-disilazide, or polassiun.
hexamethyldisilazide (Reference 13c). Howover, the anion s vary stable #id ingrl lo
electrophilic attack by Isoamy! nitrite to form oximé 23. Allempls fo unmask the aniun
with combinations of THF, hexamethylphosphoramide (HMPA), and tetrameihylulhyl-
enediamine (TMEDA) falled to induce the desired react W THF, HMHA, TMLDA o
large excess of isoainyl nitrite, and elevated lempeyratures wure umaed, the ryaction
mixture decomposed. 1H NMR revealed a complax set of vinylic signals which may have
resulted from an E2 elimination (Referance 14) of tha amon 10 form 28. Wu wuyrg
unablg fo isolate any identitiable compounds from the raaction mixtuty.

1
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e DECOMPOBN ION

25

Becaune NN :Uibentyl- 3. 4-diaminolurazan (90) readily condensod wiln oxaly!

chioride, we (hought I worlhwhile 1o examine olhgr condghaalion reaclions Mola
Glosely . Altermpled renchon boitwgon §0 and Cyanogen oxide to 1orm 140 wan unau’ ~abs
fvl. Howaver, the aynthesie ol 380 was achieved whan 8¢ was i) lrealed with n

buty! ithivim in YTHE @1 -78°C followed by aadition of cyanogen oxide (3)

Dignima Y4¢

with 18018leg 1IN Q00d yiald an & misture Of orime Gonlgrners  fling closue proceaded ab
orpecied using sedium hydioade In athylahe glycol sl 160°C for 2 houie 10 give 20¢

(Schame §) n Buly! ithivin wes foynd lo be the besl bese lur the reaction.
GLHEME b
i " f
| | '
'™ N, LY HON o N el
No Leqn b \, L3, %
W e ATl N4
HN Lt=e M N HON "t
f ) i
o 14
I
" HO Q1
AN
@ = nojnapy
c - I)C“ly. i
d - p melhwaybenzy! N
@ = luay!

f o (p S methytamng)bgnzy!

|
N Hy
@) 0
\H N/
H
|
"

20

Other basve 1hal wate tied, byl which gave pour tesuite, werg sudium hydtide, sadium

melhyaidy, potassium hydudae, Dihigm  gisopropyltamide, potassium hoaamgthyl

12
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d'sliazide, sodium bicarbonate, triethyl amine, and dlisopropyl ethyl amine. Generation
¢! the dianion of 9d with n-butyl lithium followed by addition of cyanogen oxide (3)
produced 14d In much lower yield than corresponding 14c. N,N'-Diisopropyl-3,4-
diaminofurazan £32 was converied to 14s, but again in much lower yield than 9c. This
result is most likely caused by steric repulsion of the isopropyls in the anionic
condensation with 3. Note, however, that the condensation of dianions 9a and 9d were
not always reproducible. The reason for these failures could not be determined.

Analogous sondensations were tried with N,N'-ditosyl-3,4-diaminofurazan
(9e). The losyl group was thought 10 be useful because it condensation occurred to give
14¢ followed by dehydration to 26e, the tosyl groups couid be nitrolyzed tc the
nitraming 1 or removed to yivld the free amine 5. Ditosylate (8e) was made by addition
of losyl chloride to 2 (Refere: .e 15) in pyriging at 0°C, The crude reaction mixture
conlained a mixture of to¢ .ates. N,N'-Dilosyl-3,4-diaminofurazan was isolated only
after rupeutod recrystallization from ethanol. Condensation of 9e with cyanogen oxide
proved to @ extremel; dilficult. A number of bases were used which resulted in
decomnposition of 9e. A small amount of 14e was formed when 2,2,6,6-
tetramethylithiopiperadide was used. However, 14e was difficult 1o purify and obtain
in any roasonablo quanti'y.

A similar sirategy was attempled by affixing silyl groups to 2. If a 1,4-disilyl
derivative ol 26 owuld be formed, then direct nitration might be accomplished by treat-
ment with nltronlum tetrallucroborate (Relerence 16). However, efforts 10 attach a
trimathyliallyl, tert-butyldimethylisilyl, or a tert-bulyldiphenylsilyl (Reference 17)
group lo 2 falled.

With a number ot 1,4-disubslituted difurazanopiperazines in hand, we began
investigating thelr conversion to the target nitramine 1. Because 26¢ was the

R = benzyl, p-methoxybenzyl, or isopropyl

R
9 1
N N )
, . / NITROLYSIS
O\ /0
N 7 N \\_ R = benzyl, p-mathoxybenzy! 5 "NOL*"
]

1
DEBENZYLATION

8 A=i-CyHy
26a, ¢, d ¢ R w CgHsCH2
d R = 4-CH30OCgH«CH>

nuslos! 10 synthesize, wu choso 10 Invesligale this compound first. Difurazan 26¢ was
sgen as u protacied amine. Il debanzylation (Raierence 5) could be achieved, the parent
amine 8 could then be nitrated to the nitramine 1. Unfortunately, 26¢ showed no
ovidencu ol debenzylation using Pd/C In ethyl acetale, methanol, or acetic acid. Platinum
oxlda (P1O2) In acelic acld was more encouraging. Aler 1 10 2 wauks under hydrogen at

60 psl, the parant amine § may have formad as evidenced by a broad singlet in the 'H

13




NWC TP 6984

NMR spec-trum at 7.0 ppm (acetone d-g). Also in the reaction mixture was a
significant amount of 28. There was a competlition betwaen the desired hydrogenolysis
ot the benzyl groups and hydrogenation of the aromatic ring. Attempts to purify the
mixture resulted in isolation of 28 and loss of 5. Using recrystallization and
chromatography methods, we failed to isolate a pure sample of 5 which appeared to be

labile under the conditions employed.
D H
N
P(OH)> (cat)_ /N\ /N\
26¢c — / 1) o)
2 \ /
AcOH SN NZN SN

H
28 5

Because P1O> was not adequate, the catalyst was changed to Pd(OH)2 in acetic
acid. As before, the hydrogenolysis required a lengthy reaction period of at least 2 weeks
at 50 psi of Ha. The reaction yielded a mixture of at least two different compounds which
we beligve 10 be the amine 5 and the bis-acetyl derivative 29. The 'H NMR (acetone
d-¢) showed a

O
N N
Pd(OH ! /T =
250 ___(_ZZJE"_L (o) \o
Hz \ ~ 7
ACOH N N
O
29

broad singlet at 7.0 ppm for the amine and a sharp singlet at 2.0 ppm for the diacetyl
methyl hydrogens. Further evidence for 29 was the infrared (IR) spectrum which

showed a carbonyl absorption at 1790 c¢cm'! (KBr) and an M* at 250 in the mass
spectrum (molecular weight of 29 is 250). The crude reaction mixture once again was
difficult 10 separate. We were unabie to purify the individual components. Addition of
elactron-donating substituents to the phenyl ring, i.e., p-methoxy (26d), or increasing
the reaction temperature, failed to improve the hydrogenolysis. Efforts to attach a
different elactrcn dcnating group 1o the ring such as p-dimethylamino as outlined in
Scheme 8 failed. Although the properly substituted diaminofurazan could be made, the

14
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yield was very low after laborious purification. Another route to attach an electron-
donating amine group is also shown in Scheme 9. The nitro groups of 26g attached to the
phenyl ring should reduce readily with hydrogen/catalyst to amino groups (forming

SCHEME 9
i
N N
© O catayst o o | -=--= 5
N N N N N N
|

R g R =p-nitrobenzyl k@
NH

b 2 el

26 26h

26h) which would possibly activate the ring toward hvdrogenolysis. Unfortunately, as
with the dimethylamino group (9f), the substituted furazan formed only in very low
yield making both of these routes unviable.

Other methods of debenzyiation that were attempted on 26c and d which aiso
failed were 2,2,2-trichloroethyichioroformate/NaHCO3 in chloroform (Reference 18),
NaH2PQO2/Pd(0OH)2 (Reference 19), ammonium formate/Pd/C (Reference 20), and
photolysis (Reference 21).

The resistance to hydrogenolysis is perplexing. In an effort to gain a better
understanding of this problem, an X-ray crystal structure was obtained of 26c¢.
Suitable crystals for analysis were grown from ethyl acetate. Figure 2 shows the resuli.
A model of 26¢ predicts the piperazine nitrogens to be pyramidal. However, as seen
from the X-ray structure, this is not the case. With the exception of the benzene rings,
the molecule is entirely planar. Clearly, the strong electron withdrawing effects of the
furazan rings delocalizes the electron pairs ¢t the piperazine nitrogens. These amide-
like nitrogens no longer resemble sp3 hybridization, but rather sp2, which accounts for
the lack of reactivity (Reference 22).
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FIGURE 2. X-Ray Structure of 26¢: (a) Bond Angles and (b) Bond Lengths
and Atom Numbers. Hydrogen atoms have been omitted for clarity.
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Since a mixture of the amine § and diamide 29 was thought to be available,
although in poor yield and purity, a number of nitiation/nitrolysis experiments were
conductxd in an effort to isolate the target nitramine 1. When the crude reaction
mixture of the debenzylation of 26¢, which may have contained 5 and 29, was treated
with 25% N20s/HNO3 at 0°C, an off-white amorphous solid resulted which detonated
upon impact using a simple hammer and anvil test. The mass recovery of material was
low and a pure sample of any one compound could not be obtained. Attempts to purify the
mixture using chromatography (silica gel, florisil, HPLC reverse phase C-18) and
recrystallization ali failed. The crude amine/amide mixture was also treated with
nitronium teirafluoroborate in acetonitriie. As before, no identitiable products were
isolatec from the complex reaction mixture. Similar results were found when the
acetate/amine mixture was treated with nitrous acid in an effort to generate the
nitrosoamime (30) which might then be oxidized to the target nitramine as illustrated.
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Direct nitrolysis of 26¢ was aiso attampted. When 26¢ was treated with N2Os/
HNOg3 the reaction mixture turned dark blue in color. Upon quenching with ice and
neutralizing with NaHCO3, no identifiable products were found. Decomposition also
occurred with 26d when treated with N2Os/HNQ3.

Numerous nitrolyses were also tried on 26a. Although literature precedent
exists for such transformations (Reference 9), we were unsuccessful in all attempts.
Reagents which were tried under a variely of conditions were

1. 100% HNOg3
2. 100% HNO3/NH4MOg/acetic anhy:ride, and
3. 25% N20s5/HNO3.

The only products isolated from these reactions were unreacted starting material and
smail amounts of the diketone 31. The reactions were quenched with water, which
probably hydrolyzed 26a to 31.
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31
Since the piperazine nitrogens of this system rgsemble :.p? hybridization in an
alactron-poor environment, it was thought possible to form nitrogen anions. This was
seen as a way fo further derivatize 26. Using 26a as starting material, the route shown
in Schema 10 was investigated. If 26a wera treated with a strong base, i.e.,

SCHEME 10

O

| 8
N o
Neggr N Nag N, N
L T T o-d
N N N N N N N
8 s
ClO

H OB
26a

E

l
N

N
/\
N
/
N

- - m-Z

alky! lithium, we believed an E2 type of elimination would occur as shown above. The
resulting double N anlon could then be quenched with an electrophile. Qur first choice of
electrophile was a chiorositane. I|f an N-silyl derivative were synthesized, treaiment
with nitronium tetrativoroborate (Reference 16) should yleld the desired nitramine 1.
Compound 26a proved 1o be Inert to n-butyl lithium. A reaction occurred only when
tert-butyl lithlum was used in a ten-fold excess in THF, HMPA, and TMEDA at -78°C.
Attempted silylation using trimathyisity! chloride, tert-butyldimethylsilyl chloride, or
tert-butyldimethylgilyl triflate failed to yield the desired produc:. We believe a reac-
tion did take place because no starling material was recovered and the 'H MR spectrum
of the crude reaction mixture exhibited the 7.0 ppm signal (acetone) which we assigned
1o the parent amine, Efforts 10 isclate the amine led to decomposition. This route was nol
pursued further,
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- Another attempt to synthesize nitramine 1 is outlined in Scheme 11. As seen
' here, if 26¢ could be oxidized to the dibenzoyl derivative 32 then two alternate path-
ways fo 1 would be available. Either direct nitrolysis or hydrolysis followed by
nitration would yield 1. Unfortunately, all oxidation attempts failed. Using pyridinium
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chlorochromate (Reference 23} or Jones' reagent (Reference 24) yielded only
unreacted starting material.

We aiso attempted to generate 1 as seen in Scheme 12. Dianilinofurazan {33)
(Reference 25) when treated with base followed by cyanogen oxide (3) was expected to
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yield dioxime 34. Subsequent dehydralive ring closure would give difurazanopiperazine
35. This compound when oxidized with OsO4 ¢r RuQ2 should give diacid 36 which upon
decarboxylation/nitrolysis would yield 1. An alternative treatment for 35 would be
conversion to 37 via direct nitration. However, no condensation was observed between
33 and 3. A wide variety of bases and reaction conditions were attempted with no sign of
success.

SUMMARY

This work has resulted in the synthesis of a new ring system, 1,4-
disubstituted[3,4-b]-[3,4-e]difurazanopiperazine, a direct precursor to the very
energetic dinitramine 1,4-dinitro[3,4-b]-[3.4-e]difurazanopiperazine. However,
attempted conversion of a number of promising precursors to the highly desirable
nitramine 1 was unsuccessful. Based on our resuits, compound 1 and its precursor
diamine § appear to be acid-sensitive, labile substances. Similar difurazans have
demonstrated acid sensitivity. The tetranitramine 1,4,5,8-tetranitro-1,4,5,8-
tetraazadifurazano-[3.4-c]-[3,4-h]decalin, 38, readily decomposes on standing in the
presence of atmospheric moisture (Reference 26). This result, in addition to our
work, may indicate that very electron deficient difurazans are simply too hydrolytically
unstable to be of any practical use as energetic materials.
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EXPERIMENTAL SECTION

Melting points were determined in capillary tubes with a Buchi 510 melting
point apparatus. Infrared spectra were recorded with a Perkin-Eimer 137, 1330, or a
Nicolet 7199 Fourier transform instrument. Proton and carbon magnetic resonance
spectra were recorded with a Nicolet WB200 or IBM NR80 instrument. High pressure
liquid chromatography (HPLC) analyses were done on a Perkin-Eimer Series 400 liquid
chromatograph using C-18 reverse phase columns. Elemental analyses were done by
Galbraith Laboratories of Knoxville, Tenn. Mass spectra were recorded on a Hewlett-
Packard Model 5985 instrument. Exact mass spectira analyses were done by the
University of California, Riverside Mass Spectroscopy Center.

GENERAL PROCEDURE FOR THE PREPARATION OF SUBSTITUTED
AMINO GLYCXIMES 5 AND 8

The appropriate amine (4 eq) and dichloroglyoxime (1 eq) were mixed in THF.
A thick precipitate immediately formed. The resulting slurry was refluxed for 2 hours,
cooled, and the amine salts were separated by filtration. The solvent of the mother
liquor was removed under reduced pressure 1o yield the crude substituted amino
glyoximes as yellow solids which were recrystallized from ethanol/water mixtures.
Properties of the four compounds synthesized are given below.

NN Dl \diaminoglyoxime. (8a)

'H NMR (acetone) §8.95 (br s, 2H), 5.09 (d, J = 9.7 Hz, 2 H), 3.62 (m,
2H), 1.14 (d, J = 6.4 Hz, 12 H); '3C NMR 147.7, 45.1, 24.5; IR (KBr) 3550,
3200 (broar ;, 2950, 1650, 1610, 1450, 1370, 1150; mp 210 to 212°C. Analysis
calculated for CgH1gN4O2: C, 47.50; H, 8.97; N, 27.71. Found: C, 47.46; H, 9.00; N,
27.45.
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TH NMR (DMSO) §9.50 (s, 2 H), 5.34 (d, J = 9.9 Hz, 2 H), 3.05 (br, s,
2H). 1.75 (m, 20 H); '3C NMR 24.7, 24.8, 34.3, 51.0, 146.5; IR (KBr) 3300
(broad), 2900, 1630, 1475, 1425, 1140, 960, 930; mp 209 to 211°C. Analysis
calculated for CooH3ON4Oo: C, 69.08; H, 7.91; N, 14.65. Found: C, 69.12; H, 7.88;
N, 14.61.

'H NMR (acetone) §9.3 (br s, 2H), 7.3 (m, 10 H), 4.38 (d, Jo = 15.€,
2H), 414 (d, Jg = 156, JaB = 19.2, 2 H), 3.68 (septel, J = 6.7, 2 H), 1.06 (d,

JA = 6.7, 6H), 1.19 (d, Jg = 6.7, JaB = 25, 6 H); IR (KBr) cm'! 3320, 2900,
1625, 1450, 1370, 1175, 980, 935; mp 133 to 135°C. Analysis calculated for C,
69.08; H, 7.91; N, 14.65. Found: C, 69.12; H, 7.88; N, 14.61.

N.N'-Dicvclohexyl-N.N'-dit \diaminoglvoxi :

TH NMP (acetone) splitting patterns are apparent, §7.93 (s, 2 H), 7.25 (m,
10 H), 4.35 (d of d, AB quartet, JA = 155 Hz, Jag = 51.6 Hz 4 M), 3.31 (m, 2 H},
1.4 {m, 20 H); IR (KBr) 3350, 3050, 2900, 1640, 1450, 1050, 940; mp 155 to
157°C. Analysis calculated for CogH3gN4O2H20: C, 69.96; H, 8.40; N, 11.66. Found:
C, 70.29; H, 8.52; N, 11.91,

PREPARATION OF N ,N-DIISOPROPYL-3,4-DIAMINOFURAZAN (9a)

Sodium borohydride (15.2 g, 400 mmol) was added in portions over 1/2 hour
to a stirring solution of 3,4-diaminofurazan (2.0 g, 20 mmol} in acetone (40 mL)
and glaciai acetic acid (120 mL) at 0°C. The resulting thick white slurry was slowly
allowed to warm to ambient temperature and stirred a total of 18 hours. Water
(250 mL) was added, and the clear solution was exiracted with ethyl acetate (3 x
100 mL). The combined organic layers were neutralized with solid sodium bicar-
bonate, washed with water (100 mL), brine (100 mL), and dried (MgSO4). Solvent
was removed under reduced pressure to afford crude 9a as an oily white solid which was
recrystallized from ethyl acetate/hexane (2.17 g as white needles, mp 83 to 85°C,
59% yield). 'H NMR (acetone) 55.1 (br s, 2H), 3.61 (m, 2H), 1.19 (d, J = 6.4
Hz) 12 H; 13C NMR 149.1, 45.8, 21.8; IR (KBr) 3300, 2950, 1600, 1575, 1370,
1175, 820. Analysis calculated for CgH1gN4O: C, 52.14; H, 8.77; N, 30.41. Found:
C, 51.90; H, 8.72; N, 30.28.

22




NWC TP 6984

PREPARATION OF N,N'-DIBENZYL-3,4-DIAMINOFURAZAN (9c)

3,4-Diaminofurazan, 2, (2 g, 20 mmol), benzaldehyde (4.1 mL, 40 mmol),
and p-toluenesulphonic acid (10 mg) were mixed in benzene and heated at reflux under
nitrogen in a Dean-Stark apparatus for 18 hours. The yellow solution was then cooled
to ambient temperature and solvent was removed under reduced pressure. The oily
yellow solid was dissolved In THF (100 mL) and methanol (30 mL); sodium
borohydride (6 g) was carefully added over a period of 20 minutes to the stirring
solution at room temperature. Once the addition was complete, the resulting mixture
was stirred for 18 hours then quenched with 1 M HCI (100 mL) and extracted with
ethyl acetate (3 x 50 mL). The organic layers were combined and washed with water
(100 mL), saturated sodium chloride (50 mL), and dried (MgS04). The solvent was
removed under reduced pres-sure to yield a white oily solid which was recrystallized
from ethyl acetate/hexane to afford 4.1 g of the desired material as white needies (mp
109 to 111°C, 73% yield). 'H NMR (200 MHz, CDCl3) 7.28 (s, 10 H), 4.31 (d, J =

5.1 Hz, 4 H) 4.13 (br s, 2 H); 13C NMR 149.8, 137.5, 128.6, 127.9, 127.7, 48.7,
IR (KBr) 3370, 3300, 3027, 2921, 1620, 1594, 1495, 1253, 742, 700. Analysis
calculated for C1gH1gN4O: C, 68.55; H, 5.75; N, 19.99. Found: C, 68.64; H, 5.78; N,
19.95.

PREPARATION OF 3,4-BIS(p-METHOXYBENZYLANILINO)-3,4-DIAMINOFURAZAN (9d)

Preparation for 9d is the same as for 9¢ (22% vyield). TH NMR (200 MHz,
acetone d.g) & 7.29 (d, JA = 8.5, 4 H), 6.85 (d, Jg = 8.5, 4 H), (JaB = 87.6), 4.6
(br s, 2 H), 4.32 (d, J = 8.5, 4H), 3.75 (s, 6 H); 13C NMR 160.0, 150.6, 131.5,
130.1, 114.6, 55.2 48.4; IR (KBr) cm-! 3420, 3000, 2920, 1620, 1560, 1500,
1260, 1060, 810; mp 149 to 151°C. Analysis calculated for C1gH20N402: C, 63.50;
H, 5.93; N, 16.46. Found: C, 63.43; H, 6.04; N, 16.46.

PREPARATION OF N,N'-(p-TOLUENESULFONYL)-3,4-DIAMINOFURAZAN (9e)

Tosyl chloride (3.82 g, 20 mmol) in dry pyridine (20 mL) was added dropwise
to a stirring solution of 3,4-diaminofurazan (1 g, 10 mmol) in dry pyridine
(20 mL) at 0°C under N2, resulting in a yellow mixture which was slowly warmed to
ambient temperature and stirred overnight. The yellow suspension was then poured into
HoO (50 mL) and extracted into ethyl acetate (3 x 50 mL). Organic layers were
combined and washed with HoO (75 mL), saturated sodium chloride (50 mL), dried
(MgS04), and solvent removed under reduced pressure to yield a yellow oil and solid
which was recrystallized from 95% ethanol (3 x) to yield 610 mg of 9e (15%, mp
136 to 138°C) as white crystals.

TH NMR (acetone d-g) 8 7.5 m (AA'BB' pattern) 8 H, 6.5 (br s 2 H), 2.40 (s
6 H); 13C NMR (acetone d-g) 156.4, 147.4, 135.6, 130.7, 129.7, 21.6; IR (KBr)
3420, 3100, 2910, 1630, 1590, 1390, 1120, MS 408 (M+*), 153 (100%), 91.
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Analysis calculated for C1gH16N4O5S2: C, 47.04; H, 3.96; N, 13.72. Found: C, 46.64;
H, 3.94; N, 13.65.

PREPARATION OF 1,4-DIBENZYL-5,6-DIKETO[3,4-b]JFURAZANOPIPERAZINE (16c)

N,N'-Dibenzyl-3,4-diaminofurazan (100 mg, 0.4 mmol) in dry benzene
(10 mL) was added via a syringe pump to a stirring solution of oxalyl chloride
(0.05 mL, 0.5 mmol) and sodium bicarbonate in dry benzene (20 mL) at ambient
temperature under nitrogen over 13 hours. Once the addition was complete, the
resulting solution was stirred an additional 5 hours. Solvent was removed under
reduced pressure. Water (10 mL) was added to the residual solid and then extracted
with ethyl acetate (3 x 15mL). The combined organic layers were washed with water
(10 mL), brine (10 mL), and dried (MgSO4). Solvent was removed under reduced
pressure to afford 100 mg of 16¢c (mp 189 to 190°C, 75% yield) as a light yellow
solid which could be further purified by recrystallization from ethyl acetate/hexane.
'H NMR (CDCl3) § 7.6 (m, 10 H), 5.19 (s, 4 H); 13C NMR 151.7, 143.5, 133.3,
129.7, 129.0, 128.9, 48.7; IR (CHCIl3) 3020, 1720, 1590, 1320, 1210, 1200,
690, 670. Analysis calculated for C1gH14N4O3: C, 64.66; H, 4.22; N, 16.76. Found:
C, 64.62; H, 4.21; N, 16.76.

PREPARATION-OF 1,4-DINITROSO[3,4-b]JFURAZANOPIPERAZINE (21)

Concentrated HCI (4 mL) was added dropwise to a stirring solution of furazano-
[3.4-b]piperazine, 20 (1.0g, 8 mmol), and sodium nitrite (1.24 g, 18 mmol) in
HoO (50 mL) at 60°C. A thick yellow solid formed, which was stirred at 60°C for
50 minutes and then cooled to 0°C for an additional 45 minutes, collected by suction
filtration, and recrystallized from warm benzene to yield 1.0 g of 1,4-dinitroso-
furazano[3,4-bjpiperazine as yellow plates (mp 93 to 95°C, 68% yield). 'H NMR
(200 MHz) in acetone d-g, broad singlet at 4.29 ppm (major conformer), two minor
conformers seen as broad singlets at 5.20 and 4.49 ppm; '3C NMR (acetone d.g, major
conformer) 39.28, 144.51 ppm; IR (KBr) cm-! 3000 (w), 1630 (s), 1560 (s),
1500 (s), 1400 (s), 1350 (s), 1075 (s). Analysis calcviated for C4H4NgO3: C,
26.09; H, 2.19; N, 45.65. Found: C, 26.08; H, 2.25: N, 45.72.

PREPARATION OF 1,4-DIBENZYL-5,6-DIOXIMINO[3,4-bJFURAZANOPIPERAZINE
(14c)

n-Butyl lithium (1.6 M in hexane, 21.6 mL, 35 mmol) was added dropwise to
a stirring solution of N,N'-dibenzyl-3,4-diaminofurazan, 9c¢ (2.42 g, 8.6 mmol), in
THF (100 mL) at -78°C under nitrogen. After 1 hour, dichloroglyoxime (1.35 g,
8.6 mmol) in THF (25 mL) was added rapidly in one portion, also at -78°C. The
solution immediately turned dark red orange in color. After stirring 1 hour at -78°C
and 2 hours at room temperature, the dark red solution was poured onto 1 M NaHoPOyq4
(100 mL) and extracted into ethyl acetate (3 x 50 mL). The combined organic layers
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were washed with water (100 mL), brine (100 mL), and dried (MgSOg4). Solvent was
removed under reduced pressure to afford 10 as a light yellow solid which was
recrystallized from warm benzene (1.3 g, 42% yield, mp 185 to 186°C). TH NMR
(DMSO) mixture of conformers, & 11.93 (s), 11.82 (s), 11.78 (s (very small)),
7.31 (br s), 5.29 (s), 4.98 (s); IR (KBr) 3200 br, 1650, 1600, 1490, 1440,
1360, 1060, 950, 840; Mass Spec 364 (M*), 347 (-OH), 346 (-H20), 91 (100%).
Analysis calculated for C1gH1gNgOa: C, 59.33; H, 4.43; N, 23.07. Found: C, 59.35;
H, 4.42; N, 23.10.

PREPARATION OF 14d

Preparation of 14d is the same as for 14c. 'H NMR (80 MHz, acetone d-g) 2
conformers seen & 12.0 (br s, 2 H), 7.25 (m), 6.75 (m), 5.38 (s), 4.87 (s), benzyl
-CH»-, 3.67 (s, -OCH3); IR (KBr) cm-1 3200, 3005, 2950, 1595, 1510, 1380,
1260; mp 195 to 197°C. Exact mass (chemical ionization using isobutane) caiculated,
425.1573; found, 425.1567.

PREPARATION OF 1,4-DIISOPROPYL-5,6-DIOXIMINO[3,4-b]JFURAZANOPIPERAZINE
(14a)

n-Butyl lithium (1.6 M in hexane, 20.3 mL, 32.6 mmol) was added dropwise
to a stirring solution of N,N'-diisopropyl-3,4-diaminofurazan (17) (1.50g,
8.2 mmol) in THF (75 mL) at -78°C under nitrogen. After 1 hour, dichloroglyoxime
(1.27 g, 8.2 mmol) in THF (15 mL) was added rapidly in one portion. The solution
immediately turned dark red in color. After stirring 1 hour at -78°C and 2 hours at
ambient temperature, the dark red-brown solution was poured onto 1 M NaH2PO4
(100 mL) and extracted into ethyl acetate (3 x 50 mL) The combined organic
extracts were washed with water (100 mL), brine (100 mL), and dried (MgSOg4).
Solvent was removed under reduced pressure to give 18 as a dark yellow solid which

was recrystallized from warm benzene (0.45g, 20% yield, mp 151 to 153°C). 'H
NMR (acetone) & 12.0 (br s, 2 H), 4.6 (septet, J = 6.4 Hz, 2Hz), 141 (d, J =
6.4 Hz, 12 H); IR (KBr) 3200 (broad), 2900, 1650, 1600, 1560, 1450, 1370,
1040, 930, 910; exact mass calculated, 268.1284; found, 268.1277.

PREPARATION OF 1,4-DIBENZYL[3,4-b]DIFURAZANOPIPERAZINE (26¢)

1,4-Dibenzyl-5,6-dioximinofurazanopiperazine (14c¢) (1.14 g, 3.1 mmol)
was added in one portion to a stirring solution of sodium hydroxide (0.12 g, 3.1 mmol)
in ethylene glycol (10 mL) at 150°C. After 2 hours, the solution was cooled and water
(20 mL) was added. There was an immediate formation of precipitate. After cooling to
0°C for 1 hour, 26¢c was collected by vacuum filtration as an off-white solid (0.60 g,
56% vyield, 93% yield based on recovered starting material, mp 170 to 175°C, dec).
After the mother liquor stood for 3 days, a white solid (0.46 g), starting material
(14¢), was recovered. 'H NMR (acetone) § 7.5 (m, 10 H), 5.02 (s, 4 H); 13C NMR
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148.7, 135.3, 129.6, 129.5, 129.2, 52.5; IR (KBr) 3000, 2990, 1640, 1600,
1390, 1350, 960; Mass Spec 346, 91 (100%). Analysis calculated for C1gH14NgO2:
C, 62.41; H, 4.08; N, 24.27. Found: C, 62.29; H, 4.11; N, 24.12,

PREPARATION OF 1,4-DIISOPROPYL[3,4-b]DIFURAZANOPIPERAZINE (26a)

1,4-Diisopropyl-5,6-dioximinofurazanopiperazine (18) (0.28 g, 1.04
mmol) was added in one portion to a stirring solution of sodium hydroxide (42 mg,
1.04 mmol) in ethylene glycol (5 mL) at 150°C. After 2 hours at 150°C, the
solution was cooled to ambient temperature, water (10 mL) was added, and the
resulting slurry cooled to 0°C for 1 hour. 1,4-Diisopropyldifurazanopiperazine was
collected by vacuum filtration as an off-white solid (190 mg, 73% vyield, mp 159 to
161°C). 'H NMR (acetone) & 4.45 (septet, J = 6.4 Hz, 2 H), 1.40 (d, J = 6.4 Hz,
12 H); 13C (acetone) 147.8, 53.2, 18.4; IR (KBr) 2900, 1625, 1590, 1370,

1050, 820; Mass Spec 250 (M*), 166 (100%). Exact mass calculated, 250.1178; .

found, 250.1188.

PREPARATION OF 1,4-p-METHOXYBENZYL-[3,4-b]-[3,4-6]-
DIFURAZANOPIPERAZINE (26d)

The preparation of 26d is the same as for 26¢ (70% yield). 'TH NMR
(80 MHz, DMSO d-g) & 7.55 (d, (JA = 10, 4 H), 6.95 (d, Jg = 10, JAB = 32, 4 H),
4.90 (s, 4 H), 3.70 (s, 6 H); 13C 159.0, 147.2, 129.3, 125.6, 113.8, 54.8, 50.6;
IR (KBr) em-1 3020, 2910, 1580, 1505, 1250, 1175, 1030, 810; mp 187 to
188°C. Exact mass calculated, 406.1389; found, 406.1382.

PREPARATION OF 1,4-CYCLOHEXYLMETHYLENE-[3,4-b)-[3,4-¢]-
DIFURAZANOPIPERAZINE (27

1,4-Dibenzyl[3,4-b]-[3,4-e]difurazanopiperazine (26c) (230 mg,
0.7 mmol) was dissolved in glacial acetic acid (10 mL). Platinum oxide (10 mg) was
added and the mixture was placed on a Parr hydrogenation apparatus at room
temperture, 50 psi hydrogen pressure for 4 days. The mixture was celite filtered and
partitioned between CHCIl3 (100 mL) and H20 (30 mL). The CHCI3 layer was
neutralized with aqueous sodium bicarbonate, washed with brine (25 mL), and dried
(MgS0O4). Solvent was removed under reduced pressure yielding an off white solid
(175 mg), which was purified by silica gel chromatography (eluted with 30% ethy!
acetate-hexane). Compound 28 was isolated as a white solid (50 mg, 20%). 'H NMR
(80 MHz, CDClj3) 8 3.71 (d, J = 7.2, 4H), 22 (m, 2H), 1.75 (m, 10 H), 1.2 (m,
10 H); 13C NMR 147.1, 54.6, 35.1, 30.5, 26.1, 25.5; IR (CH2Clo) cm-! 2920,
2850, 1670, 1580, 1320, 915, 870, 835; mp 222 to 223°C Analysis calculated for
Ci1gH26NgO2: C, 60.30; H, 7.32; N, 23.45. Found: C, 60.30; H, 7.38; H, 23.28.
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